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(54) Discharge lamp operating apparatus and method 



(57) An apparatus for operating a high intensity dis- 
charge lamp that minimizes discharge arc curvature to 
form a straight discharge arc and thereby eliminates 
variations in the discharge arc color caused by cata- 
phoresis is disclosed. The apparatus outputs a synthe- 
size wave having a waveform with a frequency 
component of the acoustic resonance frequency to 
excite a mode straightening the discharge arc, and a 
waveform of a frequency less that the acoustic reso- 
nance frequency whereby the polarity of the waveform 
having a frequency less than the acoustic resonance 
frequency changes. The acoustic resonance frequency 
is determined by the speed of sound in the discharge 
space, and the length of the discharge space intersect- 
ing the discharge arc. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a discharge lamp 
operating apparatus and method for reducing the dis- 
charge arc curvature caused by harmful gravity-induced 
convection when the discharge lamp is started horizon- 
tally (tn a non-upright position), and relates particularly 
to a discharge lamp operating apparatus that is effective 
with high intensity discharge (HID) lamps. 

2 Description of related technologies 

HID tamps are widely used today for outdoor light- 
ing because of their high luminous efficacy and long 
service Me The good color characteristics of metal hal- 
•de lamps m particular have also led to their use for 
applications other than outdoor lighting, including inte- 
rior b^hting light sources for audio-visual equipment, 
and even motor vehicle headlights. 

A typcal conventional HID lamp operating appara- 
tus is descrtoed in the No. 1 0 Proceedings of the Light 
Association of Japan. Tokyo Branch. The discharge 
lamp operating apparatus described in these Proceed- 
ings enables stable operation and prevents discharge 
arc wandenng. self -extinguishing, and lamp damage 
caused by tne acoustic resonance unique to HID lamps 
by supplying a low frequency (several hundred hertz), 
rectangular wave current to the HID lamp, which is one 
type of discharge lamp. 

While this type of igniter can light and then stably 
drive an HID lamp in a horizontal position, the effect of 
gravity-induced convection causes the discharge arc to 
curve upward in an bowed arc. 

When the discharge arc curves, the temperature 
rise in the top part of the discharge space increases, 
thus deteriorating the quartz glass defining the dis- 
charge envelope, which is perceived as a loss of trans- 
parency, and shortening the service life of the lamp. 
Luminous efficacy also drops due to a drop in the lowest 
temperature at the bottom of the discharge space. 

Metal halide lamps with a shorter arc length have 
been developed in recent years for use as light sources 
in audio-visual equipment and motor vehicle headlights, 
and shorter arc lengths require a higher mercury vapor 
pressure in the discharge space of the lighted lamp. 
Increasing the vapor pressure, however, increases 
gravity-induced convection, thereby increasing the cur- 
vature of the discharge arc and further degrading lamp 
life and efficacy. 

The discharge lamp operating apparatus is dis- 
closed in U.S. Patent No. 5.198.727 issued to Allen et 
al. in which the above problem is addressed. The above 
problem is further described below with reference to 
Fig. 14. 



As shown in Fig. 14, a waveform diagram of the 
lamp current of a discharge lamp driven by the dis- 
charge lamp operating apparatus disclosed in U.S. Pat- 
ent No 5,198,727 teaches that curvature in the 

5 discharge arc can be reduced to obtain a substantially 
straight discharge arc by supplying to the lamp a current 
to which an ac wave 52 of a certain frequency has been 
superposed. This certain frequency is one that reduces 
the effects of gravity-induced convection in the dis- 

w charge lamp fill on dc current 51 by means of acoustic 
resonance, and thus straightens the discharge arc. 

Straightening the discharge arc reduces the tem- 
perature at the top of the discharge space, and thus 
alleviates one factor contributing to a shorter discharge 

is lamp life. It is therefore possible to achieve a long-last- 
ing discharge lamp and also improve luminous efficacy 
by raising the temperature of the lowest temperature in 
the bottom of the discharge space. 

With a conventional discharge lamp operating 

20 apparatus as described above, however, current always 
flows in one direction in the discharge lamp, and while 
the field strength of the discharge space changes with a 
regular period, the field always moves in one direction. 
The fill distribution thus becomes unbalanced, and cat- 

25 aphoresis results in inconsistent arc coloring. 

An asymmetrical temperature distribution along the 
electrode axis also occurs with a high temperature on 
the anode side and a low temperature on the cathode 
side. As a result of this asymmetrical temperature distri- 

30 bution, the effect of superposing a frequency that 
excites an arc-straightening mode is small, although the 
curvature of the discharge arc is still somewhat 
reduced. 

A discharge lamp operating apparatus is also dis- 
35 dosed in the applicant's prior U.S. application Serial No. 
08/560.683 filed November 20, 1995 and entitled "DIS- 
CHARGE LAMP-LIGHTING APPARATUS" (corre- 
sponding to European Patent publication No. 0713352 
published May 22, 1996). The inventors of U.S. applica- 
nt? tion Serial No. 08/560.683 are the three present inven- 
tors and Makoto Horiuchi and Ryuji Higuchi. 

SUMMARY OF THE INVENTION 

45 The object of the present invention is therefore to 
resolve these problems by providing a discharge lamp 
operating apparatus for operating a high intensity dis- 
charge lamp that minimizes discharge arc curvature to 
form a substantially straight discharge arc, eliminates 

so variations in the discharge arc color, and avoids cata- 
phoresis. 

To achieve this object, according to the present 
invention, a discharge lamp operating apparatus for 
operating a discharge lamp having a glass envelope 
55 defining a discharge space, comprises: 

a generator for generating a first wave signal having 
a waveform with an acoustic resonance frequency 
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exciting a discharge arc straightening mode, said 
first wave signal having a center line at a constant 
level; and 

a modulator for modulating said first wave signal to 
vary periodically such that said center line varies 5 
alternately to change the polarity thereof at a mod- 
ulating frequency, said modulating frequency being 
smaller than said acoustic resonance frequency, 
said modulator producing a modulated signal. 



According to the present invention, a discharge 

lamp operating apparatus for operating a discharge 

lamp having a glass envelope defining a discharge 
space, comprises: 
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a generator for generating a first wave signal having 
a waveform with an acoustic resonance frequency 
exciting a discharge arc straightening mode, said 
first wave signal having a center line at a constant 
level; and so 
a modulator for modulating said first wave signal to 
appear periodically such that said first wave signal 
and a second wave signal occurring alternately in a 
time sharing manner, said second wave signal hav- 
ing a frequency smaller than said acoustic reso- 25 
nance frequency. 

According to the present invention, a discharge 
lamp operating method for operating a discharge lamp 
having a glass envelope defining a cfischarge space, 30 
said method comprises the steps of: 

generating a first wave signal having a waveform 
with an acoustic resonance frequency exciting a 
discharge arc straightening mode, said first wave 35 
signal having a center line at a constant level; and 
modulating said first wave signal to vary periodi- 
cally such that said center line varies alternately to 
change the polarity thereof at a modulating fre- 
quency, said modulating frequency being smaller 40 
than said acoustic resonance frequency, said mod- 
ulator producing a modulated signal. 

According to the present invention, a discharge 
lamp operating method for operating a discharge lamp 45 
having a glass envelope defining a discharge space, 
said method comprises the steps of: 

generating a first wave signal having a waveform 
with an acoustic resonance frequency exciting a so 
discharge arc straightening mode, said first wave 
signal having a center line at a constant level; and 
modulating said first wave signal to appear periodi- 
cally such that said first wave signal and a second 
wave signal occurring alternately in a time sharing 55 
manner, said second wave signal having a fre- 
quency smaller than said acoustic resonance fre- 
quency. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under- 
stood from the detailed description given below and the 
accompanying diagrams wherein: 

Fig. 1 is a waveform diagram of a composite wave 
comprising a rectangular wave of frequency f 1 and 
a sine wave of acoustic resonance frequency f2 
where the acoustic resonance frequency f2 excites 
a mode straightening the discharge arc. 
Fig. 2A is a diagram showing the discharge lamp 
with a curved discharge arc. 
Fig. 2B is a graph showing the change in the dis- 
tance between the electrode axis and the arc center 
as the modulation depth is changed. 
Fig. 3 is a graph showing the change in the arc tube 
top surface temperature as the modulation depth is 
changed. 

Fig. 4 is a graph showing the change in the arc tube 
top surface temperature as the rectangular wave 
frequency f 1 is changed. 

Fig. 5 is a waveform diagram of a composite wave 
comprising a triangular wave of frequency f3 and a 
sine wave of acoustic resonance frequency f2 
where the acoustic resonance frequency f2 excites 
a mode straightening the discharge arc. 
Fig. 6 is a waveform diagram of a composite wave 
comprising a rectangular wave and a sine wave of 
acoustic resonance frequency f2 where the acous- 
tic resonance frequency f2 excites a mode straight- 
ening the discharge arc. 

Fig. 7 A is a block diagram of a discharge lamp oper- 
ating apparatus according to a first embodiment of 
the present invention. 

Fig. 7B is a block diagram showing a modification of 
a discharge lamp operating apparatus shown in 
Fig. 7A. 

Figs. 8A, 8B and 8C are waveform diagrams of the 
output of rectangular wave generator 4, the output 
of sine wave generator 3, and the output of wave 
synthesizer 5, respectively, in the block diagram of 
Fig. 7A. 

Fig. 9 is a circuit diagram of a discharge lamp oper- 
ating apparatus according to a second embodiment 
of the present invention. 

Figs. 10A, 10B, 10C and 10D are waveform dia- 
grams of the output of DC supply 16, the output of 
high frequency supply 17, the output of superpos- 
ing circuit 18, and the output of rectangular wave 
conversion circuit 14, respectively, in the circuit dia- 
gram of Fig. 9. 

Fig. 11 is a circuit diagram of a discharge lamp 
operating apparatus according to a third embodi- 
ment of the present invention. 
Figs. 12A and 12B are waveform diagrams of the 
output of DC power supply 41 , and the output of 
rectangular wave conversion circuit 14, respec- 
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tively, in the circuit diagram of Fig. 1 1 . 

Fig. 1 3 is a diagram showing discharge arc position 

with respect to a reflection mirror. 

Fig. 14 is a waveform diagram of the lamp current 

when a discharge lamp is energized by a prior art s 

discharge lamp operating apparatus. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a waveform diagram of a composite wave 10 
comprising a superposed sine wave of acoustic reso- 
nance frequency f2 and a rectangular wave of fre- 
quency f 1 (400 Hz in this exemplary embodiment). Note 
that acoustic resonance frequency f2 is a frequency 
exciting an arc-straightening mode, frequency f1 is is 
lower than acoustic resonance frequency f2, and polar- 
ity changes in the rectangular wave. In the drawings 
showing wave forms, G represents the ground level, 
which is 0 volts. 

A deviation amount L, i.e., the change in the size of 20 
the discharge arc curvature, and a surface temperature 
of the lamp tube 1t at a location Ts shown in Fig. 2A are 
experimentally measured by supplying a current having 
a waveform such as shown in Fig. 1 to a discharge lamp 
while varying a difference a (a peak-to-peak value) of 25 
the sine wave component of acoustic resonance fre- 
quency f2. The results of these tests are described 
below. 

Two discharge lamps, specifically a 35-W metal hal- 
ide lamp and a 200-W metal halide lamp, were tested 30 
and started in a horizontal, or non-upright, position, as 
shown in Fig. 2A, and a current wave such as shown in 
Fig. 1 was supplied. A modulation depth a/p, in which p 
is an effective value of the composite wave, was varied. 
The distance L between the arc center and an electrode 35 
axis with a cross section perpendicular to an electrode 
axis between the lamp electrodes 1m and 1n was then 
measured in each lamp at the various modulation 
depths a/p. The results of these measurements are 
shown in Fig. 2B. 40 

It should be noted that the acoustic resonance fre- 
quency f2 in these tests was approximately 150 kHz for 
the 35-W metal halide lamp, and approximately 32 kHz 
for the 200-W metal halide lamp in these experiments. 

As apparent from Fig. 2B, the distance L between 45 
the discharge arc center and the electrode decreased in 
both lamps at a modulation depth of at least 0.3. 

The electrode-arc distance L was the smallest in 
both lamps at a modulation depth of 0.8 or greater with 
a substantially straight arc observed. so 

Therefore, according to the present invention, the 
modulation depth a/p should preferably be not less than 
0.3, and more preferably be not less than 0.8. 

The surface temperature at the point Ts. i.e., the top 
of the arc tube 1t at a cross section perpendicular to an ss 
electrode axis between the lamp electrodes 1m and 1n 
was then measured in the 200-W metal halide lamp 
while supplying a current wave such as shown in Fig. 1 



and varying the modulation depth. The results of these 
measurements are shown in Fig. 3. 

As shown in Fig. 3, the arc tube top surface temper- 
ature drops gradually at a modulation depth above 
approximately 0.3 because the discharge arc curvature 
gradually decreases. The surface temperature is lowest 
at the modulation depth at which the discharge arc 
becomes substantially straight, i.e., 0.8 and above. It 
should also be noted that the surface temperature at a 
point Tb, i.e., the bottom of the arc tube 1t tends to rise 
gradually at a modulation depth of 0.3 or greater. 

The tests described above thus teach that the tem- 
perature of the highest temperature point at the top of 
the arc tube car be decreased with a modulation depth 
of 0.3 or greater because the discharge arc curvature 
can be reduced. Because a high temperature at the top 
of the arc tube is one factor contributing to a shorter dis- 
charge lamp Tife, lamp life can also be improved. 

These tests also teach that luminous efficacy can 
be improved because the lowest temperature point at 
the bottom of the discharge space can be raised. In 
other words, the temperature distribution around the arc 
tube can be made uniform. 

The distance L is also minimized at a modulation 
depth of 0.8 or greater because the discharge arc 
becomes substantially straight. The effects described 
above are thus even more pronounced. 

Applying a composite wave comprising an acoustic 
resonance frequency component and 400 Hz rectangu- 
lar wave as shown in Fig. 1 also causes the polarity of 
the lamp current to change at the cycle of the rectangu- 
lar wave, and thus causes the polarity of the field pro- 
duced in the discharge space to change periodically. 
Cataphoresis is thus prevented, discoloration of the dis- 
charge arc can be prevented, and the temperature dis- 
tribution along the electrode axis can be made 
symmetrical to the electrode gap center. It is therefore 
possible to achieve less curvature of the discharge arc. 

Additional studies were also conducted to measure 
the arc tube top surface temperature using a constant 
modulation depth and varying only the frequency f 1 of 
the rectangular wave. 

The results of arc tube top surface temperature 
measurements taken while applying a rectangular wave 
current as shown in Fig. 1 to a 200-W metal halide lamp 
at a constant 1 .0 modulation depth and variable rectan- 
gular wave frequency f 1 are shown in Fig. 4. 

As Fig. 4 teaches, the arc tube top surface temper- 
ature tends to rise when the rectangular wave fre- 
quency f1 exceeds 2 kHz. As taught by Fig. 3, this 
means that the discharge arc curvature increases. 

Furthermore, while the temperature is substantially 
constant at a relatively low level at a rectangular wave 
frequency f 1 below approximately 2kHz, changes in the 
lamp current polarity at below approximately 100 Hz 
produce noticeable flicker. As a result, the rectangular 
wave frequency f1 is preferably between 100 Hz and 2 
kHz. 
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Fig. 5 is a waveform diagram of a composite wave 
comprising a superposed sine wave of acoustic reso- 
nance frequency f2 and triangular wave of frequency f3. 
Note that acoustic resonance frequency f2 is a fre- 
quency exciting an arc-straightening mode, frequency 
f3 is tower than acoustic resonance frequency f2 P and 
polarity changes in the triangular wave. 

Similar experiments further demonstrated that the 
discharge arc curvature can be reduced when a current 
with the waveform as shown in Fig. 5 is supplied to the 
lamp, and that a substantially straight discharge arc can 
be achieved by increasing the modulation depth. 

Cataphoresis can also be prevented because the 
polarity of the field produced in the discharge space 
changes at a period determined by frequency f3. Discol- 
oration of the discharge arc can therefore be prevented. 
The temperature distribution along the electrode axis 
can also be made symmetrical to the electrode gap 
center, and the discharge arc curvature can therefore 
be reduced. 

Fig. 6 is a waveform diagram of a composite wave 
comprising a sine wave of acoustic resonance fre- 
quency f2 and rectangular wave of a frequency lower 
than acoustic resonance frequency f2 added in a time 
sharing manner. Here also, the polarity of the waveform 
having acoustic resonance frequency f2 changes. Note 
that sine cave and rectangular wave occur alternately 
by adjusting respective periods T4 and T5. 

Further experiments also demonstrated that dis- 
charge arc curvature can be reduced when a current 
with the waveform as shown in Fig. 6 is supplied to the 
lamp, and that a substantially straight discharge arc can 
be achieved by increasing the ratio of time T4 to time 
T5, or the ratio of an occurring period of the first wave 
signal within a unit time. 

The preferred embodiments of the present inven- 
tion are described next below with reference to the 
accompanying figures. 

Embodiment 1 

Fig. 7A is a block diagram of a discharge lamp oper- 
ating apparatus 2 according to a first embodiment of the 
present invention for application with a 35-W metal hal- 
ide lamp 1 . It should be noted that the 35-W metal hal- 
ide lamp 1 in this embodiment is a discharge lamp 
having a fill of mercury and the metal halide sodium 
iodide and scandium iodide sealed in a glass envelope 
defining the discharge space. 

The operating apparatus 2 supplies current of a 
particular waveform to 35-W metal halide lamp 1 to start 
and drive the lamp. 

The operating apparatus 2 comprises a 150-kHz 
sine wave generator 3, a 400-Hz rectangular wave gen- 
erator 4, and a wave synthesizer 5. 

The sine wave generator 3 is an AC power supply A 
that outputs a waveform with a frequency component of 
the acoustic resonance frequency for exciting an arc- 



straightening mode. The rectangular wave generator 4 
is a polarity-changing power supply for outputting a 
waveform with a frequency lower than the acoustic res- 
onance frequency and used to change the polarity of 
5 the waveform having the acoustic resonance frequency. 
The wave synthesizer 5 then superposes the output 
from the sine wave generator 3 with the output from the 
rectangular wave generator 4 to generate the wave- 
form-supplied to the 35-W metal halide lamp 1 . 
w The waveforms output by the sine wave generator 
3, rectangular wave generator 4, and wave synthesizer 
5 above according to the first embodiment of the 
present invention are shown in Figs. 8A, 8B and 8C. 
Specifically, Fig. 8A shows the 400-Hz rectangular wave 
is output by the rectangular wave generator 4. Fig. 8B 
shows the 150-kHz sine wave output by the sine wave 
generator 3. Fig. 8C shows the superposed waveform 
generated by the wave synthesizer 5 from the output of 
the sine wave generator 3 and the output of the rectan- 
20 gular wave generator 4. The waveform shown in Fig. 8C 
is applied to the 35-W metal halide lamp. 

It is therefore possible by the operating apparatus 2 
shown in Fig. 7A to apply to the 35-W metal halide lamp 
1 a composite wave having, as shown in Fig. 8C. a 
25 superposed 400-Hz rectangular wave and a sine wave 
of an acoustic resonance frequency, which is preferably 
150-kHz in this exemplary embodiment, for exciting an 
arc-straightening mode. A substantially straight dis- 
charge arc free of discoloration can therefore be 
30 achieved. 

Fig. 7B is a block diagram of a discharge lamp oper- 
ating apparatus 2 which is a modification of that shown 
in Fig. 7A. Instead of wave synthesizer 5, the discharge 
lamp operating apparatus 2 of Fig. 7B has a switch 6 
35 and a time share control 8. The time share control 8 
controls the switching rate, such as T4 and T5 shown in 
Fig. 6, and switch 6 changes its position alternately 
according to the switching rate. Thus, a waveform as 
shown in Fig. 6 is applied to the 35-W metal halide lamp. 
40 It should be noted that the shape of the discharge 
arc can be changed continuously from a curved dis- 
charge arc to a straight arc. This can be accomplished 
by controlling the time share control 8 to increase or 
decrease the apply time of the output from the sine 
45 wave generator 3 relative to the output from the rectan- 
gular wave generator 4 in the composite wave. 

As shown in Fig. 13, by thus varying the discharge 
arc, the operating effects achieved by emitting the light 
from the 35-W metal halide lamp 1 off a reflection mirror 
so can be changed. In other words, the position of the dis- 
charge arc can be changed among various positions, 
such as positions 1a, 1b and 1c shown in Fig. 13. Such 
an arc position change results in light emitting angle, as 
shown by lines La, Lb and Lc, relative to the reflection 
55 mirror 7. 

With the discharge lamp operating apparatus 2 
shown in Fig. 7A, the change of the discharge arc posi- 
tion can be accomplished by changing any parameter in 
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the modulation depth a/p. 
Embodiment 2 

Fig. 9 is a block diagram of a discharge lamp oper- s 
ating apparatus 12 according to a second embodiment 
of the present invention for application with a 35-W 
metal halide lamp 1, which is identical to the lamp 1 
shown in Fig. 7A. 

The discharge lamp operating apparatus 12 in this w 
case comprises a DC power supply 13, rectangular 
wave conversion circuit 14, and igniter 15. 

Th DC power supply 13 outputs a DC waveform 
superposed with a waveform comprising a frequency 
component of the acoustic resonance frequency for is 
exciting an arc-straightening mode. The rectangular 
wave conversion circuit 14 is an inverter circuit for 
changing the polarity of the output from the DC power 
supply 1 3 at a frequency lower than the acoustic reso- 
nance frequency. The igniter 15 is a igniter for applying 20 
a high voltage sufficient to cause the 35-W metal halide 
lamp 1 to start discharging. 

The DC power supply 13 comprises a DC supply 
16. high frequency supply 17, and superposing circuit 
18. The DC supply 16 outputs a DC waveform in which 25 
there is no change in the instantaneous value over time. 
The high frequency supply 17 is an AC power supply B 
that outputs a sine wave with a frequency component of 
the acoustic resonance frequency (1 50-kHz) for exciting 
an arc-straightening mode. The superposing circuit 18 30 
superposes the output of the high frequency supply 17 
on the output of the DC supply 16. 

The DC supply 16 comprises a voltage step-down 
chopper circuit comprising DC source 19, transistor 20, 
diode 21, choke coil 22, and capacitor 23, a lamp volt- 35 
age detector comprising resistances 24 and 25 for 
detecting a signal representing the lamp voltage, a lamp 
current detector comprising resistance 26 for detecting 
a signal representing the lamp current, and a control cir- 
cuit 27. The control circuit 27 calculates the lamp power 40 
from the lamp voltage signal and the lamp current sig- 
nal, and controls the on/off ratio of transistor 20 to main- 
tain the lamp power at a constant 35 W. 

The high frequency supply 17 comprises a sine 
wave power supply 28 for outputting an acoustic reso- 45 
nance frequency sine wave, and a choke coil 29 for lim- 
iting the output voltage of the sine wave power supply 
28 to a particular modulation depth. The high frequency 
supply 1 7 thus outputs a sine wave of a specific acous- 
tic resonance frequency. 50 

The superposing circuit 18 comprises a choke coil 
30 and a capacitor 31 . The capacitor 31 blocks the DC 
current output from the DC supply 1 6 from flowing to the 
high frequency supply 17, and the choke coil 30 blocks 
the AC output from the high frequency supply 17 from 55 
flowing to the DC supply 16. The output terminal of the 
superposing circuit 18 is taken from the line connecting 
the choke coil 30 and capacitor 31 , and the superposing 



circuit 18 thus outputs a DC current with a superposed 
acoustic resonance frequency sine wave. 

The output current from DC supply 16 is applied to 
the choke coil 30 which cuts off AC component, and pro- 
duces a DC signal (a), such as shown in Fig. 10A. As 
shown in Fig. 10A, the DC current output is flat with no 
change in instantaneous value. 

The output current from high frequency supply 1 7 is 
applied to the capacitor 31 which cuts off DC compo- 
nent, and produces an AC signal (b), such as shown in 
Fig. 10B. 

The signals (a) and (b) are superposed in the 
superposing circuit 18 which produces a superposed 
signal (c), as shown in rig. 10C. 

The rectangular wave conversion circuit 14 com- 
prises transistors 32, 33, 34, and 35, and drive circuit 
36. The rectangular wave conversion circuit 14 alter- 
nately controls the ON time of transistors 32 and 35, 
and the ON time of transistors 33 and 34, by varying the 
output signal from the drive circuit 36. By thus alternat- 
ing the on time of the transistors, the DC supply com- 
prising a superposed acoustic resonance frequency 
sine wave component output from the superposing cir- 
cuit 18 is converted to 400-Hz AC power applied to the 
35-W metal halide lamp 1 by the igniter 15. 

The 400-Hz AC supply output (d) from the rectan- 
gular wave conversion circuit 14 is shown in Fig. 10D. 

Once the 35-W metal halide lamp 1 is started by 
means of the igniter 15 applying a high voltage, the dis- 
charge lamp operating apparatus 12 thus comprised 
can supply a composite wave comprising a 400-Hz rec- 
tangular wave with a sine wave component of the 
acoustic resonance frequency for exciting an arc- 
straightening mode as shown in Fig. 10D. A substan- 
tially straight discharge arc free of discoloration can 
therefore be achieved. 

The modulation depth can also be freely adjusted 
by changing the output voltage of the sine wave power 
supply 28, i.e., changing the peak-to-peak value a. The 
discharge arc curvature can thus be controlled, and var- 
ious lighting effects can therefore be achieved. 

Embodiment 3 

Fig. 1 1 is a block diagram of a discharge lamp oper- 
ating apparatus 40 according to a third embodiment of 
the present invention for application with a 35-W metal 
halide lamp 1, which is identical to the lamp 1 shown in 
Fig. 7A. 

Note that the discharge lamp operating apparatus 
40 in this embodiment is for starting and operating the 
35-W metal halide lamp 1 . and comprises a DC power 
supply 41, rectangular wave conversion circuit 14, and 
igniter 15. 

The DC power supply 41 outputs a DC waveform 
superposed with a waveform comprising a frequency 
component of the acoustic resonance frequency for 
exciting an arc-straightening mode. The rectangular 



6 

JSDOCID: cEP 0825808A2J_> 



4 



11 



EP0 825 808 A2 



12 



wave conversion circuit 14 is an inverter circuit for 
changing the polarity of the output from the DC power 
supply 41 at a frequency lower than the acoustic reso- 
nance frequency. The igniter 15 is a igniter for applying 
a high voltage sufficient to cause the 35-W metal halide 5 
lamp 1 to start discharging. 

It should be noted that the rectangular wave conver- 
sion circuit 14 and the igniter 15 are identical to those of 
the second embodiment above. The present embodi- 
ment differs from the second embodiment described 10 
above in the construction and operation of the DC 
power supply 41, which are described below. 

The DC power supply 41 comprises a voltage step- 
down chopper circuit comprising DC source 42, a tran- 
sistor 43 used as a switching element, diode 44, choke is 
-.oil 45, and capacitor 46, a lamp voltage detector com- 
prising resistances 47 and 48 for detecting a signal rep- 
esenting the lamp voltage, a lamp current detector 
-omprising resistance 49 for detecting a signal repre- 
anting the lamp current, and a control circuit 50. The 20 
ontrol circuit 50 calculates the lamp power from the 
imp voltage signal and the lamp current signal, and 
ontrols the on/off ratio of transistor 43 to maintain the 
imp power at a constant 35 W. The on/off frequency of 
ie transistor 43 is set to 1 50 kHz, which is the acoustic 25 
jsonance frequency exciting an arc-straightening 
,ode. The filter circuit comprising choke coil 45 and 
^pacitor 46 is adjusted to pass a 150-kHz frequency 
jmponent, and the output current from the DC power 
jpply 41 thus has a 150-kHz frequency component. 30 

The DC power supply 41 in this third embodiment 
oduces an output current (a), such as shown in Fig. 
A, and the rectangular wave conversion circuit 14 
oduces an output current (b), such as shown in Fig. 

•B. 35. 

As in the first and second embodiments described 
oove, the discharge lamp operating apparatus 40 of 
»c present embodiment can supply a composite wave 
omprising a 400-Hz rectangular wave with a frequency 
ynponent of the acoustic resonance frequency for 40 
xcuing an arc-straightening mode to the 35-W metal 
alide lamp 1 . A substantially straight discharge arc free 
r Discoloration can therefore be achieved. 

As described above, the on/off frequency of the 
a gistor 43 can be adjusted to the acoustic resonance 45 
?quency (150 kHz), whereby a straight discharge arc 
n be achieved by simply setting the filter frequency of 
, > choke coil 45 and capacitor 46 to a particular level, 
a result, the modulation depth of the rectangular 
*e can be easily changed as required, and the con- so 
;tion of the discharge lamp operating apparatus is 
nfied. 

will be obvious that the discharge lamps of the 
ed embodiments of the present invention 
iDed above shall not be limited to 35-W metal hal- ss 
lamps or 100-W metal halide lamps, and the dis- 
irge lamp operating apparatus of the invention can 
i applied with high pressure mercury vapor lamps, 



high pressure sodium vapor lamps, and other types of 
discharge lamps. 

It should also be noted that the rectangular wave 
generator 4 is described above as generating a stand- 
ard rectangular wave, but shall not be so limited. The 
rectangular wave generator 4 can also generate trape- 
zoidal waves with a sloping rise and fall, or quasi-rec- 
tangular waves. 

The rectangular wave conversion circuit 1 4 can also 
be otherwise comprised insofar as it can generate a 
quasi-rectangular wave. 

Furthermore, the rectangular wave generator 4 and 
rectangular wave conversion circuit 14 shall not be lim- 
ited to generating rectangular waves or quasi-rectangu- 
lar waves. Specifically, the rectangular wave generator 4 
and rectangular wave conversion circuit 14 can output 
other types of sine waves, triangular waves, stepped 
waves, or sawtooth waves. It is only necessary that the 
frequency of the waveform is less than the acoustic res- 
onance frequency for exciting an arc-straightening 
mode and changes polarity of the waveform having the 
acoustic resonance frequency. The waveform can fur- 
ther comprise a DC component insofar as the polarity 
changes, and can be a waveform with asymmetrical 
negative and positive peaks. 

More specifically, any waveform whereby the field 
produced in the discharge space of the discharge lamp 
does not flow in one direction, an unbalanced distribu- 
tion of the fill does not result and cataphoresis can be 
avoided, can be used. 

Furthermore, while the wave frequency used by the 
rectangular wave generator 4 and rectangular wave 
conversion circuit 14 above is 400 Hz, any frequency 
between 100 Hz and 2 kHz can be used. 

In addition, a 150-kHz sine wave generator 3 is 
used as the AC power supply A for outputting a sine 
wave with a frequency component of the acoustic reso- 
nance frequency exciting an arc-straightening mode. 
The wave generator shall not be limited to producing a 
sine wave, however, and can produce a triangular wave 
or sawtooth wave insofar as the wave comprises an 
acoustic resonance frequency component. This is also 
true of the sine wave power supply 28. 

Changes and variations in the acoustic resonance 
frequency exciting an arc-straightening mode that arise 
from aging and variations in the lamp characteristics 
can also be absorbed by adding a frequency modulation 
function to the sine wave generator 3 and sine wave 
power supply 28 so that the generated sine wave can be 
adjusted to a particular period and width. 

The same effect can also be achieved in the third 
embodiment if the on/off frequency of the transistor 43 
can be frequency modulated using a signal from the 
control circuit 50. 

The high frequency supply 17 is also described as 
comprising a sine wave power supply 28 and choke coil 
29 above such that the output current of the sine wave 
power supply 28 is limited by the impedance of the 
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choke coil 29 to achieve a particular modulation depth. 
The same effect can be achieved, however, by using a 
combination of resistors and capacitors in place of the 
choke coil. 

A DC power supply is also achieved using a step- 
down chopper circuit for outputting DC power with no 
change in instantaneous value. The same effect can be 
achieved using other circuit designs, however, including 
a voltage step-up chopper circuit and an inverting chop- 
per circuit. 

In addition, the control circuits 27 and 50 are com- 
prised to control the on .off ratio of transistors 20 and 43 
so that the lamp power remains a constant 35 W. To 
compensate for light output when the lamp is started, 
however, the control circuits 27 and 50 can also operate 
to supply power exceeding the rated operating power 
during initial discharge lamp operation. The control cir- 
cuits 27 and 50 can also be constructed to variably con- 
trol the lamp characteristics to achieve dimming control 
and other special effects. 

It will also be obvious that while the superposing cir- 
cuit 18 is described as comprising a choke coil 30 and 
capacitor 31, other configurations can be alternatively 
used. 

The DC power supply 41 can also be constructed 
using a step-up chopper circuit, inverting chopper cir- 
cuit, forward converter, or other circuit design insofar as 
a DC output superposed with an acoustic resonance 
frequency component can be output. 

While a transistor 43 is used as the switching com- 
ponent, it will also be obvious that an FET, thyristor, 
IBGT, or other element can be alternatively used. 

A discharge lamp operating apparatus according to 
the present invention thus energizes a discharge lamp 
using a composite wave having a waveform with a fre- 
quency component of the acoustic resonance fre- 
quency exciting an arc-straightening mode and a 
waveform of a frequency lower than the acoustic reso- 
nance frequency whereby the polarity of the waveform 
having the acoustic resonance frequency changes. The 
discharge lamp operating apparatus of the invention 
can thus energize a discharge lamp with a substantially 
straight discharge arc, and thereby eliminate discolora- 
tion and color variations resulting from discharge arc 
curvature. 

In other words, according to the present invention, 
the sine wave generator 3, 28 or 41 can be considered 
as a generator for generating a first wave signal having 
a waveform with an acoustic resonance frequency f2 
exciting a discharge arc straightening mode. Here it is 
noted that the first wave signal has a center line at a 
constant level. 

According to one aspect of the invention, rectangu- 
lar wave generator 4 and wave synthesizer 5 in Fig. 7A, 
or DC supply 16 and superposing circuit 18 and rectan- 
gular wave conversion circuit 14 in Fig. 9 or rectangular 
wave conversion circuit 14 in Fig. 1 1 can be considered 
as a modifier for modifying the first wave signal to vary 



periodically such that the center line of the first wave 
signal varies alternately to change the polarity of the 
center line at a modifying frequency f 1 . The modifying 
frequency f 1 is smaller than the acoustic resonance fre- 

s quency f2. The modulator produces a modulated signal 
which is the composite signal. 

According, to another aspect of the invention, rec- 
tangular wave generator 4 and switch 6 in Fig. 7B can 
be considered as a modulator for modulating the first 

10 wave signal to appear periodically such that the first 
wave signal and a second wave signal occurring alter- 
nately in a time sharing manner. The second wave sig- 
nal has a frequency smaller than the acoustic 
resonance frequency. 

is The invention being thus described, it will be obvi- 
ous that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi- 
fications as would be obvious to one skilled in the art 

20 are intended to be included within the scope of the fol- 
lowing claims. 

Claims 

25 1 . A discharge lamp operating apparatus for operating 
a discharge lamp having a glass envelope defining 
a discharge space for a discharge arc, comprising: 

a generator for generating a first wave signal 
30 having a waveform with a frequency compo- 

nent of an acoustic resonance frequency to 
excite a mode straightening the discharge arc, 
said first wave signal having a center line at a 
constant level; and 
35 a modulator for modulating said first wave sig- 

nal to vary periodically such that said center 
line varies alternately to change the polarity 
thereof at a modulating frequency, said modu- 
lating frequency being lower than said acoustic 
40 resonance frequency, said modulator produc- 

ing a modulated signal. 

2. A discharge lamp operating apparatus of claim 1 , 
wherein said acoustic resonance frequency is 

45 determined by a sound velocity in the discharge 
space, and the length of the discharge space inter- 
secting the discharge arc. 

3. A discharge lamp operating apparatus of claim 1 , 
so wherein said discharge lamp comprises a filler 

selected any one from a metal halide and mercury. 

4. A discharge lamp operating apparatus of claim 1 , 
wherein a modulation depth given by a ratio a/p is 

55 not less than 0.3 where a is a peak-to-peak value of 
said first wave signal, and p is an effective value of 
said modulated signal. 
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5. A discharge lamp operating apparatus of claim 4, 
wherein said modulation depth a/p is not less than 
08 

6. A discharge lamp operating apparatus of claim 1, 
wherein said center line is varied according to a 
quasi -rectangular wave. 

7. A discharge lamp operating apparatus of claim 6, 
wherein the frequency of said quasi-rectangular 
wave is between 100 Hz and 2 kHz. 

8. A discharge lamp operating apparatus of claim 1, 
wherein said first wave signal has its center line 
being approximately at a ground level. 

9. A discharge lamp operating apparatus of claim 8, 
wherein said modulator comprises a generator for 
generating a waveform having a frequency equal to 
or less than the acoustic reConance frequency with 
a polarity thereof being changed, and a wave syn- 
thesizer 

10. A discharge lamp operating apparatus of claim 8, 
wherein said modulator comprises a DC power 
supply lor producing a DC signal, a superposing cir- 
cuit for superposing said first wave signal with said 
DC signal tor producing a DC superposed first wave 
signal, and an inverter circuit for converting said DC 
superposed first wave signal to said modulated sig- 
nal 

11. A discharge tamp operating apparatus of claim 1, 
wherein said first wave signal has its center line 
being at a predetermined DC level. 

12. A discharge lamp operating apparatus of claim 11, 
wherein said modulator comprises an inverter cir- 
cuit tor converting said first wave signal to said 
modulated signal. 

13. A discharge lamp operating apparatus for operating 
a discharge lamp having a glass envelope defining 
a discharge space, comprising: 

a generator for generating a first wave signal 
having a waveform with a frequency compo- 
nent of an acoustic resonance frequency to 
excite a mode straightening the discharge arc, 
said Ust wave signal having a center line at a 
constant level; and 

a modulator for modulating said first wave sig- 
nal to appear periodically such that said first 
wave signal and a second wave signal occur- 
ring alternately in a time sharing manner, said 
second wave signal having a frequency lower 
than said acoustic resonance frequency. 



14. A discharge lamp operating method for operating a 
discharge lamp having a glass envelope defining a 
discharge space, said method comprising the steps 

of: 

5 

generating a first wave signal having a wave- 
form with a frequency component of an acous- 
tic resonance frequency to excite a mode 
straightening the discharge arc, said first wave 
w signal having a center line at a constant level; 

and 

modulating said first wave signal to vary peri- 
odically such that said center line varies alter- 
nately to change the polarity thereof at a 
is modulating frequency, said modulating fre- 

quency being lower than said acoustic reso- 
nance frequency, said modulator producing a 
modulated signal. 

20 15. A discharge lamp operating method of claim 14, 
wherein a curvature of said discharging arc is con- 
trolled by a peak-to-peak value a of said first wave 
signal. 

25 16. A discharge lamp operating method for operating a 
discharge lamp having a glass envelope defining a 
discharge space, said method comprising the steps 

of: 

30 generating a first wave signal having a wave- 

form with a frequency component of an acous- 
tic resonance frequency to excite a mode 
straightening the discharge arc, said first wave 
signal having a center line at a constant level; 
35 and 

modulating said first wave signal to appear 
periodically such that said first wave signal and 
a second wave signal occurring alternately in a 
time sharing manner, said second wave signal 
40 having a frequency lower than said acoustic 

resonance frequency. 



17. A discharge lamp operating method of claim 16, 
wherein a curvature of said discharging arc is con- 
45 trolled by a ratio of an occurring period of said first 
wave signal within a unit time. 
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(54) Discharge lamp operating apparatus and method 

(57) An apparatus for operating a high intensity dis- 
charge tamp that minimizes discharge arc curvature to 
form a straight discharge arc and thereby eliminates 
variations in the discharge arc color caused by cata- 
phoresis is disclosed. The apparatus outputs a synthe- 
size wave having a waveform with a frequency 
component of the acoustic resonance frequency to 
excite a mode straightening the discharge arc, and a 
waveform of a frequency less that the acoustic reso- 
nance frequency whereby the polarity of the waveform 
having a frequency less than the acoustic resonance 
frequency changes. The acoustic resonance frequency 
is determined by the speed of sound in the discharge 
space, and the length of the discharge space intersect- 
ing the discharge arc. 
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